Purpose: The purpose of this retrospective study was to assess the incidence and the risk factors of contrast-induced nephropathy (CIN) following transcatheter arterial chemoembolization (TACE) in patients with hepatocellular carcinoma (HCC). Materials and Methods: We performed a retrospective review of 186 sessions of TACE in 122 patients with HCC. We examined the incidence and factors associated with risk of CIN, defined as an increase of at least 0.5 mg/dl (44.2 μmol/l) or 25% of the baseline serum creatinine level between 48 and 72 hours after TACE. Results: CIN developed in 14 (7.5%) of the 186 sessions after TACE. A univariate analysis showed that the ChildPugh class B or C [10/14 (71%) vs. 70/172 (41%), P = 0.046], a low albumin level (3.0 ± 0.5 vs. 3.4 ± 0.6, P = 0.018), and a low hemoglobin level (10.6 ± 2.0 vs. 11.8 ± 2.0, P = 0.035) were significantly associated with the development of CIN. Multivariate analysis revealed that the hemoglobin value was associated with CIN [odds ratio (OR) 1.6; P = 0.038]. Conclusions: CIN after TACE is closely associated with the severity of liver cirrhosis, and with low levels of albumin and hemoglobin. Effective preventive methods remain to be considered in patients with HCC and advanced LC who are undergoing TACE.
Introduction
Hepatocellular carcinoma (HCC) is one of the most common malignant diseases in the world, and its incidence is currently increasing. In developed countries, HCC is diagnosed at an early stage in 30% -40% of all patients, when it is amenable to treatment such as surgical resection, liver transplantation and local ablative treatments [1] [2]. To date, no systemic therapy has been developed that improves the survival of patients with advanced HCC [3] . Transcatheter arterial chemoembolization (TACE) has been recognized as an effective palliative treatment option for patients in whom surgical or local ablative treatment is contraindicated; it currently plays a major role in treating advanced HCC [4] [5] .
Patients with HCC frequently have advanced liver cirrhosis (LC), which in advanced cases is characterized by peripheral vasodilatation associated with decreased renal perfusion due to activation of the vasoconstrictor system [6] [7] . Therefore, LC may be a predisposing factor for declining renal function.
Contrast-induced nephropathy (CIN) is the third leading cause of hospital-acquired acute renal failure (ARF), accounting for 10% of all cases, and contributes to prolonged hospitalization and increased medical costs [8] [9] . Important risk factors for CIN include pre-existing renal insufficiency, particularly that caused by diabetic nephropathy, reduced circulating volume, the volume and type of contrast medium (CM) employed, and concomitant administration of potentially nephrotoxic drugs [10] - [12] .
Despite the high clinical importance of renal insufficiency in HCC patient post-TACE, few reported studies have assessed the risk of CIN and TACE [13] - [15] . Several risk factors such as preoperative serum albumin, proteinuria level, coexisting hypertension (HT) and diabetes (DM), grade of LC, treatment session, and the amount and types of CM used in TACE have been suspected the association with the development of CIN. The risk factors developing CIN in HCC patient post-TACE have been still limited and remain unclear. Additional studies are therefore necessary to assess the clinical aspects of CIN occurrence after TACE. Here, we investigated the incidence and risk factors for CIN in patients with HCC who were undergoing TACE.
Materials and Methods

Patients
The institutional review board approved this retrospective study and written informed consent was obtained from each patient before the TACE procedure. Between 1 January 2012 and 31 December 2012, we retrospectively reviewed the medical records of 130 patients with HCC who had undergone TACE. We excluded patients with acute or chronic renal failure undergoing renal replacement therapy such as hemodialysis or peritoneal dialysis (4 patients) before the TACE procedure, and patients who died within a week after the TACE procedure because of gastrointestinal bleeding (2 patients), liver failure (1 patient), and cerebral hemorrhage (1 patient). The diagnosis of HCC was confirmed histologically by needle biopsy or based on the findings of typical radiological features in at least two imaging examinations including ultrasonography, contrast-enhanced dynamic computed tomography, and magnetic resonance imaging.
TACE Procedure
TACE was performed according to Seldinger's technique of arterial embolization. The femoral artery was punctured, and hepatic arteriography and superior mesenteric arterial portovenography were performed to define the size and location of the tumor nodules. A non-ionic low-osmolality CM, iopamidol (Iopamiron 300, Bayer, Tokyo, Japan), iohexol (Omnipaque 300, Daiichi-Sankyo, Tokyo, Japan) or iomeprol (Iomeron 300, Eizai, Tokyo, Japan), was used. The arteries supplying the tumor were super-selectively catheterized and the catheter position was controlled according to the tumor distribution and anatomical variations. The prepared oil emulsion was then slowly injected and the feeding arteries were completely embolized with gelatin sponge particles (Gelpart; Nippon Kayaku, Tokyo, Japan) that had been crushed to approximately 0.2 -0.5 mm soaked in 10 mL of the CM. This was achieved by pumping using a three-way stopcock valve and two 2.5-mL syringes. The oil emulsions were prepared by mixing 2 -10 mL of iodized oil and 10 -50 mg epirubicin (Farmorbicin; Pfizer, Tokyo, Japan), 20 -140 mg miriplatin hydrate (Miripla; Dainippon Sumitomo Pharma, Osaka, Japan) or 10 -100 mg cisplatin (DDPH, IA-call; Nippon Kayaku, Tokyo, Japan). TACE was terminated when the tumorfeeding branch had become completely occluded and the tumor stain had disappeared on DSA.
Patients with an estimated glomerular filtration rate (eGFR) < 45 mL/min/1.73 m 2 were used saline hydration 1000 mL prior to and after TACE procedure. No other CIN preventive strategies were used.
Data Analysis
Blood samples for determination of serum creatinine (SCr), albumin, total bilirubin, aspartate aminotransferase (AST), alanine aminotransferase (ALT), prothrombin time, hemoglobin, platelet count, HBsAg, HCVAb, alpha fetoprotein (AFP), protein induced by vitamin K absence or antagonist-II (PIVKA-II) were obtained within 48 hours before the examination. The evaluation of hepatic functional reserve was based on the Child-Pugh classification. Also at 48 -72 hours after administration of CM, SCr was determined again. Renal function was also assessed by the eGFR using the Modification of Diet in Renal Disease (MDRD) study equation, and eGFR was expressed as mL/min/1.73 m 2 . CIN was defined as an increase in the serum creatinine concentration (SCr) of ≥0.5 mg/dl (44.2 μmol/l), or ≥25% from the baseline between 48 and 72 h after TACE. Patients in which CIN occurred and did not occur after TACE were defined as the CIN group and the non-CIN group, respectively.
Statistical Analysis
Statistical testing was performed at a significance level of P < 0.05 with 95% confidence limits. Categorical variables, such as the incidence of CIN, were analyzed by the chi-squared and Fisher's exact tests. Comparisons of continuous variables were analyzed using the nonparametric Mann-Whitney test. A multivariate logistic regression model, which included potential risk factors such as age, DM, CM volume, Child-Pugh classification, and initial eGFR, was applied. A P value < 0.05 was considered to indicate statistical significance. Analyses were performed with the SPSS statistical software package version 20.0 (SPSS, Inc., Chicago, IL, USA).
Results
Clinical and Biochemical Characteristics
In total, 130 patients with HCC underwent TACE during the study period, of whom 122 were included in this study. A total of 186 TACE sessions were conducted. The clinical and biochemical baseline characteristics of the patients are shown in Table 1 . The mean age was 72.5 ± 8.0 years. Complications included HT in 75 patients (40%) and DM in 65 (35%). The mean eGFR was 68.8 ± 19.4 mL/min, and 73 patients (39%) had an eGFR of <60 mL/min. The average total volume of CM used during TACE was 148 ± 45 mL.
Incidence and Risk Factors for CIN after TACE
CIN developed after 14 (7.5%) of the 186 TACE sessions. No patients required dialysis after the TACE procedure, and no patients died due to ARF. The baseline characteristics of the CIN group and the non-CIN group are shown in Table 2 . In the CIN group, the levels of serum albumin (3.0 ± 0.5 vs. 3.4 ± 0.6, P = 0.018) and hemoglobin (10.6 ± 2.0 vs. 11.8 ± 2.0, P = 0.035) were significantly lower than in the non-CIN group. Child-Pugh class B or C was significantly associated with the development of CIN [10/14 (71%) vs. 70/172 (41%) P = 0.046]. No inter-group difference was observed in gender, age, the number of patients with HT or DM, previous TACE sessions, or the volume of CM. Basal SCr levels and eGFR also showed no significant inter-group differences. Five sessions (36%) in the CIN group and 68 (40%) in the non-CIN group were associated with GFRs of <60 mL/min (P = 0.778). After adjustment for age, Child-Pugh class B or C, DM, volume of CM, baseline eGFR, albumin and hemoglobin, multivariate analysis revealed that only the hemoglobin level had a statistically significant effect on the occurrence of CIN after TACE [odds ratio (OR) 1.57; 95% confidence interval (CI) 1.026 -2.400, P = 0.0375] ( Table 3) .
Discussion
The major finding of our study was that the incidence of CIN after TACE with HCC patients was 7.5%. This number is slightly different from the numbers in other study reports. One of the reasons is considered likely due to differences in the different criteria in the diagnosis of CIN. One study reported that the incidence of CIN in 843 patients undergoing TACE was 6.6% [13] , the definition of CIN being an abrupt increase of ≥50% over the baseline, or an absolute increase of ≥0.5 mg/dl, in the serum creatinine level. Another study reported that the incidence of CIN in 236 patients undergoing TACE was 9.8%, CIN being defined as an abrupt increase of ≥50% over the baseline, or an absolute increase of ≥0.3 mg/dl, in the serum creatinine level [14] . Patients reported to be at increased risk of CIN are those with renal impairment, including a low baseline eGFR, DM, and volume of CM, particularly when in combination. In such patients, the incidence of CIN was significantly higher, i.e. within the range 12% -50% [16] - [18] . However, our study did not show such a tendency; there was no significant correlation between the incidence of CIN and the presence of renal impairment (eGFR < 60 mL/min), DM, and the volume of CM. Pre-and post-fluid therapy may have been effective.
In addition, the Child-Pugh score, which represents liver function, was a specific and important risk factor for CIN in patients undergoing TACE. This result is consistent with other studies indicating that the severity of liver function was correlated with the occurrence of CIN [19] - [21] . Patients with HCC frequently have advanced LC. Advanced LC is characterized by peripheral vasodilatation associated with decreased renal perfusion due to the activation of intrinsic vasoconstrictor systems, such as the rennin-angiotensin axis [6] [7] . Administration of CM to these patients may aggravate intrarenal vasoconstriction and result in nephropathy more frequently. Therefore, since liver function is aggravated in patients with HCC, the incidence of nephropathy caused by CM would likely increase. In the present study, Child-Pugh class B or C was significantly associated with the development of CIN.
Serum albumin is the most abundant serum protein, being responsible for 70% of the osmotic pressure [22] . Although serum albumin has several functions in the body, the most important is maintenance of osmotic pressure in the vascular system. In addition, it has antioxidant properties [23] . Serum albumin has a preventive role against CIN through vascular expansion and anti-oxidant functions [24] . However, the mechanism responsible for the association between nephropathy and low serum albumin is not clearly understood. A low albumin level is assumed to play a role in the incidence of CIN through renal tubule cytotoxicity resulting from free radicals.
In the present study, multivariate analysis demonstrated that a low hemoglobin value was associated with the development of CIN. This is the first study to have found such an association. Only two previous studies have investigated the relationship between CIN and anemia [25] [26] . Nikolski et al. [25] evaluated 942 patients undergoing percutaneous coronary intervention and found that there was a significant tendency for the incidence of CIN to increase as the baseline hematocrit value decreased in patients with lower baseline eGFR levels. The other study of contrast MDCT found that CIN occurred in 7.8% of anemic patients, compared with 2.8% of non-anemic patients. Patients with renal insufficiency and anemia tended to have a significantly higher incidence of CIN (P = 0.027) [26] . The possible mechanisms underlying the association between anemia and higher rates of CIN are still being debated. Anemia is common among individuals with reduced kidney function, generally because of decreased production of erythropoietin. This is a consequence of CKD, and also worsens the progression of renal insufficiency. Anemia increases the prevalence of CKD as creatinine clearance decreases [26] - [28] . Anemia-induced deterioration of renal ischemia may be one plausible explanation for the higher inci-dence of CIN in patients with low values of hematocrit and hemoglobin.
The present study has few limitations. First, it focused on the data from a single center and was limited by the small sample size. Second, this study did not include long-term follow-up data to assess the long-term prognosis. The scientific value of our data and the clinical importance of CIN after TACE will need to be confirmed by a large prospective study.
Conclusion
CIN in patients with HCC undergoing TACE was closely associated with the severity of LC, low serum levels of albumin and hemoglobin. Effective preventive measures should be applied in patients with HCC and high-risk patients who are undergoing TACE. The clinical significance of CIN should be further investigated in a large prospective study.
